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Abstract 
Fuel cells are a promising new alternative energy resource in distributed generation and electric vehicle applications. However, 
usually a fuel cell has slow response due to the dynamic of its auxiliaries. To optimize the fuel cell system performances, an 
appropriate controller that can regulate the power flow and automatically adjust the converter output voltage is needed. In this 
paper, Authors suggest and introduce such converter. Our approach consists in designing and managing the control of a non-
isolated DC/DC converter with high voltage ratio coupled to a fuel cell stack in transport application. The proposed converter 
consists of two cascade stages non-isolated DC/DC converters. The first stage is an interleaved boost converter and the second is 
a floating-interleaving boost. The choice of each converter is based on the efficiency of the converter with high voltage ratio and 
small input current undulations. The control of both converters is ensured by hybrid duel loop control that contains a voltage loop 
with a linear PI controller and a fast current loop with a non-linear sliding controller. The simulation of the proposed control 
under load step variation is performed under Matlab-Simulink environment and gives interesting results. This paper presents and 
comments the introduced device and discusses the obtained results.  
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
As clean and efficient sources of electricity, fuel cells are progressively meeting the needs in a wide range of  
vehicle and stationary applications [1,2].The interest given to Fuel Cell (FC) studies has significantly grown since 
decades. FCs became crucial components in development of electric vehicles (EVs) [3,4]. Among existing  
technologies, proton exchange membrane fuel cell (PEMFC) is one of the most promising technologies for 
distributed generation and ground vehicle applications[5], because of its high power density, solid electrolyte, low 
corrosion and low temperature operation [6,7]. However, some issues are still of concern, in particular their  low  
and unregulated output voltage characteristic. For this reason a static DC/DC converter has to be used to step-up the 
voltage magnitude of the sources to a regulated DC bus. In this case study, the step-up voltage is about 12 and the 
converter is connected at its output to a resistive load. To achieve the previous requirement, a cascaded structure 
composed of two non isolated DC/DC converters [8, 9] has been proposed.Fig.1 shows the proposed structure. 
    This topology allows to achieve a high voltage ratio by using the ͳconverter to minimize the input current 
undulation rate and the ʹone to ensure high voltage output and minimize voltage undulation. To ensure a correct 
functioning of the system, the two cascaded converters are controlled using a hybrid dual loop that contains a linear 
PI voltage loop controller and a fast current loop with a non-linear sliding controller [10]. Later in this paper, 
simulation results are presented to verify the efficiency of the proposed control methods. 
 
 
Fig. 1.Structure of cascade converter. 
2. Converter structure 
The proposed converter structure is constituted by a cascaded two converters in order to ensure a high voltage 
ratio and a small power source current undulation.The choice of each converter will be justified in the following 
sections. 
2.1. Presentation of the non isolated DC/DC converter  
Due to constraints of weight, volume and losses in the power transformer used in isolated converters, the interest is 
focused to f DC-DC non-isolated converters. Three non isolated DC/DC converter topologies are presented in this 
section in order to select from several combinations the convenient two converters for the proposed cascade 
structure. First topology is an Interleaved Boost Converter (IBC) [11,12] consisting of a two interleaved boost 
converters connected in parallel sharing a common DC bus. The control signals of the two boosts are obtained by 
two independent current controllers with PWM signals shifted by an electric angle equal to π. For a given duty 
cycle, this converter structure has the same voltage ratio as a classical boost converter. However, the greatinterest of 
this interleaved structure is to segment the input power and allows reducing the magnitude of input current 
undulation. 
The second topology is the three level boost converters [13]. Referring to Fig. 2, the converter is composed of two 
diodes, D1 and D2, two switches, K1 and K2 and an input inductor L1. The output filter capacitors, C1 and C2, are 
series connected and serve as a capacitive voltage divider to split the output voltage into twoequal voltages. The 
mid-point capacitors are connected to the mid-point switching cell. The switch gating patterns are generated by 
utilizing two carrier signals phase shifted by π from each other. This topology has the following salient features:  
x Semiconductors are rated half the output voltage. 
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x Equivalent switching frequency seen from the input is twice the switching frequency. Hence, the inductor volume 
is significantly reduced.  
The third topology is the interleaved double dual boost converter (IDDB) or 2-phase floating-interleaving boost 
[14,15]. This topology presents several advantages among interleaving and high voltage ratio. In order to respect the 
balance of floating bus, interleaving converter number must be necessarily pair. The choice of phase number results 
from acompromise between input current ripple, volume of inductors and efficiency [16].Schematics of the three 
topologies are shown in Fig. 2. 
 
 
(a)                                                                                                  (b) 
 
 
 
 
 
 
 
 
 
 
 
                                                 (c) 
Fig. 2. (a) Two-interleaved boost converter; (b) Three level boost converter ;(c) Interleaved double dual boost converter 
2.2. Choice of the Two converter Structure 
After presenting the three non isolated DC/DC converters, one can understand that the selection of the converter  
will be defined according to the efficiency of the three structures for the two stages. 
For the ͳ converter; the output voltage is fixed to 150V; therefore the high voltage semiconductor 
devices will not be necessary but the semiconductor devices have to support a high current according to the low 
voltage-high current characteristic of the power source. To compare the efficiency of the three converters 
topologies, the semi-conductor devices, which are presented in table 1, are used. Fig.3 shows a comparison of semi-
conductors (switches and diodes) losses and efficiency between an IBC, a three-level boost and IDDB as the 1ststage 
converter, respectively for an output voltage set to 150V and a fixed input voltage. The semiconductor losses are 
lowerfor the IBC converter than for other converters structure. Hence, to optimize the converter efficiency, the 
chosen structure for the ͳ stage converter is an IBC structure. 
Table 1.Semi conductor parameters of the ͳ converter. 
Structure Switch Diode 
IBC Mosfet 
200V , 72A 
(IXTH72N20) 
schottky 
200V , 70A 
(DSA70C200HB)  
Three level boost Mosfet 
100V , 170A 
(IXTQ170N10P) 
schottky 
100V , 300A 
(DSA300I100NA) 
IDDB Mosfet 
100V , 110A 
(IXTQ110N10P) 
schottky 
100V , 80A 
(DSA80C100PB)  
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(a)                                                                                  (b) 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3.(a) Semi conductor losses 1st stage converter; (b) Efficiency curve. 
 
     For theʹ converter and due to the high output voltage (540V) that is generally requested on the EVs DC 
bus, IGBT and fast recovery diode devices have to be used for the three structures. The semi conductor parameters 
are presented in table 2. Fig.4 shows a comparison of semi conductor losses and efficiency between the three 
structures for the ʹ converter. According to the results, the IDDB converter has lower losses and high 
efficiency compared to other structure. So, for the ʹ converter,the IDDB converter is chosen.   
Table 2.Semi conductor parameters of the ʹ converter. 
Structure Switch Diode 
IBC IGBT 
600V ,100A 
(IXGN60N60) 
Fast recovery diode 
600V ,60A 
(DSEC59-06BC)  
Three level boost IGBT 
300V, 400A 
(IXGX400N30A3 ) 
Fast recovery diode 
300V ,120A 
(DPG120C300QB)  
IDDB IGBT 
600V, 100A 
(IXGN60N60) 
Fast recovery diode 
400V, 120A 
(DSEI2x60-04C)  
 
(a)                                                                                        (b) 
 
 
 
 
 
 
 
 
 
 
Fig. 4.(a) Semi conductor losses 2nd stage converter; (b) Efficiency curve. 
 
According to the previous section, the proposed DC-DC converter structure is obtained by cascading a two phase 
interleaved boost and an interleaved double dual boost converter as shown in Fig.5. 
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Fig. 5.The proposed converter. 
3. Control of the proposed converter 
The two stages of the proposed converter are controlled by hybrid dual loop control [10] that contains a linear PI 
outer loop (or voltage loop). This allows usefully comparing the output voltage reference with the measured  output 
voltage of each stage of the proposed converter. Hence, the total current reference is obtained from PI controller 
andthen is shared out between each phase of the two stages of the proposed converter. For both IBC and IDDB 
based topologies, the total current is divided by 2 (number of phase of each topology). Then, the inner loop (or 
current loop) allows us obtaining the duty cycles {d1, d2, d3, d4} from nonlinear sliding mode controllers. Hence, a 
control strategy architecture related to the proposed converter is derived. Its schematic is presented in Fig. 6. 
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Fig. 6.Control strategy architecture. 
3.1. Current sliding mode controller 
For the robustness and stability of this system, a nonlinear sliding mode controller is used for current control [17]. 
The controller is designed based on the large signal model of DC-DC converters. Therefore, its stability is not 
restricted by thevariations around the operating point (as it often happens in small signal modelling).The large  
signal model of the IBC[13] and IDDB[16] is defined respectively as follows: 
  
                                                                                                                                                                                      (1) 
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                                                                                                                                                                                      (2) 
 
 
 
 
 
The sliding surfaces, then the control laws, of the IBC and the IDDB are defined by the following expressions: 
 
                                                                                                                                                                                 (3) 
 
                                                                                                                                                                                 (4) 
Where i >1, 2@, iLI 1  and iLI 2 are  the average values of the inductors currents, irefLI 1 and irefLI 2 are the desired  
inductors currents, and 1ILk and 2ILk are damping coefficients that define the dynamic of convergence  to  zero of  
the static error. The convergence dynamic of the sliding surfaces to zero is defined as follows: 
 
                                                                                                                                                                                (5) 
 
                                                                                                                                                                                     (6) 
where 1iLO  and 2iLO  are the convergence factors. 
To design the controller, it is necessary to combine (5) with (1) and (3) for the IBC and (6) with (2) and (4) for the 
IDDB. This will result in a set of equations for control inputs in terms of the state variables and the system 
parameters. The duty cycle of each phase of the IBC and the IDDB is: 
ߙ݅ ൌ ͳെ
ܸ݁ െݎͳ݅ Ǥܫܮͳ݅൅ܮͳ݅ቌ 11 iLiiL SO െሶͳǡ ൅ ͳǤ൫ܫܮͳ݅െܫܮͳ݅ ǡݎ݂݁ ൯ቍ
ܸ݅݊ݐ
                                                                                       (7) 
ߙ݅ ൌ ͳെ
ʹǤ൮െܸ݅݊ݐ ൅ݎʹ݅ Ǥܫܮʹ݅൅ܮʹ݅ቌെ 22 iLiiL SO ൅ሶʹǡ െ ʹǤ൫ܫܮʹ݅െܫܮʹ݅ ǡݎ݂݁ ൯ቍ൲
ܸ݅݊ݐ ൅ ܸݏ
(8) 
Equations (7) and (8) show that the control inputs are irrelevant with the value of load resistance R. Therefore, this 
controller will not be perturbed by the variations of the load. 
4. Simulation results  
   To verify the controller performance and the model of the proposed converter, a simulation using Matlab simulink 
is carried out. This simulation has been done with a set of system parameters presented in table 3.  
Table 3.System parameters. 
Parameters Value 
Fuel cell rated power,  Pfc 
Fuel cell rated voltage, Vfc 
Fuel cell rated current, Ifc 
Output voltage ͳ , Vint 
Output voltage, Vs 
5[kW] 
42[V] 
120[A] 
150[V] 
540[V] 
Switching frequency, Fs 10[kHz] 
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(a)                                                                       (b) 
 
 
 
 
 
 
Fig. 7. (a) load changes from57 ohm to 67 ohm; (b) IBC output voltage . 
(a)                                                                       (b) 
 
 
 
 
 
 
 
Fig. 8. (a)Voltage of one phase IDDB; (b) Proposed converter output voltage. 
(a)                                                                           (b)                       
 
 
 
 
 
 
Fig. 9. (a) Inductor current reference of IBC; (b) Inductors current of IBC. 
(a)                                                                            (b)                                             
 
 
 
 
 
 
Fig. 10. (a) Inductor current reference of IDDB; (b) Inductor current of IDDB 
From Fig. 8. (a) shows a positive step load change from 57 ohm to 67 ohm and Fig. 8. (b) shows the behavior of the 
output voltage of the first stage converter for transient responses obtained while a positive step load change , The 
test is performed by sharply changing the load from 57 ohm to 67 ohm, one can see that the output voltage follows 
the voltage reference perfectly. 
From the analysis of the figures 8 (a) and (b), one can observe that the hybrid loop control shows excellent dynamic 
performance for load increasing and decreasing with negligible output voltage oscillations. Dynamic response of the 
proposed nonlinear sliding mode current controller for a load step from 57 to 67ohm and step down from 67 to 
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57ohm are shown in Fig. 9and Fig.10.From these two set of curves, one can deduce that the proposed current 
regulator has very high performance and improved time response with a low overshoot. 
The obtained simulation results have been shown that the hybrid dual loop control has a very good performance for 
the output voltage and inductors currents regulations for a wide range of load variation and robust to parameter 
variations. 
5. Conclusion 
A high voltage ratio non isolated DC–DC converter is designed for FC-powered vehicle systems. The proposed 
topology provides a strong mitigation of the input current ripple and output voltage ripple, and allows current 
sharing between the phases for decreased semiconductor stresses, improving the converter efficiency and reliability. 
The proposed converter composed of two cascade stages non-isolated DC/DC converter, the first converter 
minimizes the input current undulation and the second stage assures a high output voltage. The proposed converter 
based on linear PI and nonlinear sliding mode regulator to ensure the needed control, a hybrid dual loop controller is 
used with a very good performance for a wide range of load variation, robustness to parameter variations.  The 
simulation results show that the proposed controller has high performances for the inductor current and output 
voltage regulation. 
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